. (1972). Brit. J. industr. Med., 29,[280][281][282][283][284][285][286] Comparison of effects on macrophage cultures of glass fibre, glass powder, and chrysotile asbestos. The effects on macrophage cultures of glass fibre, glass powder, and chrysotile asbestos are compared. Glass fibre behaves like chrysotile in producing an increase in cell membrane permeability in cultured macrophages. This is demonstrable by the increase in lactic dehydrogenase activity in the supernatant fluid. The metabolism, measured by lactate production, is not reduced as it is when quartz is phagocytosed. Glass powder behaves like the inert dust corundum, producing little change in the number of cells stained by erythrosin B and a small increase in lactate dehydrogenase activity, both being in the range of the control. There is an increase in lactate production as a result of higher metabolism due to phagocytosis. Dusts may produce two basic effects, namely a toxic effect and change in cell membrane permeability. A non-specific effect on the cell membrane due to the slow and sometimes incomplete process of ingestion of long fibres is probably a function of the morphology, particularly the length of the fibres. A primary specific effect induced by some dusts immediately follows contact with the cell membrane.
immediately follows contact with the cell membrane.
Recent investigations have shown that asbestos fibres alter the permeability of the membrane of cells cultured in vitro. Koshi, Hayashi, and Sakabe (1968) demonstrated an increase in the acid phosphatase released from the cells into the culture medium when rat peritoneal macrophages were incubated with asbestos. Beck (1970) and Beck, Holt, and Nasrallah (1971) found that chrysotile asbestos added to cultures of alveolar or peritoneal macrophages increased the number of cells stained with erythrosin and increased the amount of lactic dehydrogenase (LDH) released into the culture medium.
To determine whether the shape, the length or the chemical composition of the fibres is the factor influencing the permeability of the cell membrane, cultures of inacrophages were incubated with two types of fibrous material, chrysotile and glass fibre. In each case the permeability of the cell membrane was determined by estimating the percentage of cells that stained with erythrosin B and the LDH activity in the supernatant. The vitality of the cells was measured by the rate of lactate production. Controls were run with no addition of dust, with quartz powder (toxic), and with corundum powder (inert). Materials Chrysotile A high-grade Rhodesian chrysotile was opened in the mill of a dust tunnel (Holt, Mills, and Young, 1964) .
Glass fibre A dust was prepared in the same way from commercially available glass fibre. The sample ranged in length from I to 20 ptm and in diameter from 0-25 to 1 0 ,um.
Glass powder
Lump glass, from which the glass fibre is made, was crushed in a rubber-lined tumbling box through which a slow current of air was passed to carry off the fine dust. The suspended dust was allowed to settle on the floor of a dust tunnel. The particle size was < 3 ,sm. Quartz Dorentruper powdered crystal quartz, DQ 12 (specific surface 7-4 m2/g, particle size < 3 ,um) was used.
Corundum
The commercially available Maxalun (A1203) (specific surface 1-5 m2/g, average particle size 3 psm) was used.
Methods
Monolayer cultures of guinea-pig alveolar and peritoneal macrophages were prepared by the technique described by Beck (1970) . The macrophages were collected in NCTC 109 medium (Difco Laboratories, Detroit, Michigan) and cooled in an ice-bath. The cells in the pool were counted in a haemocytometer and aliquots of the cells were transferred to Leighton tubes containing a coverslip. Each tube contained 4 to 5 x 106 cells. The cultures were incubated at 37°C. After one hour, when the cells had become attached to the coverslip, the supernatant was removed and the monolayer rinsed with Tyrode solution. The dust sample suspended in culture medium with or without 5 % homologous serum was then added in a concentration of 75 ,ug of dust per 106 cells.
Control experiments in which quartz, corundum or no dust was added were run simultaneously with each group of tests. LDH was determined by the method of Wieland and Pfleiderer (1957) and lactate enzymatically by the method of Horn and Bruns (1956) 3, 6, and 20 hours after the addition of dust to the cultures. After the same intervals the cells on the coverslips in the Leighton tubes were stained with erythrosin B (Munch, Beck, and Manojlovic, 1971) and examined microscopically to determine the percentage of cells stained. Cells in parallel tubes were observed by phase contrast microscopy. Photomicrographs were taken using an interference filter (540 nm).
Identical values cannot be obtained in repetitive biological tests: each value in the tables represents the average of four experiments.
Results
Peritoneal macrophages (Table; Fig. 1 ) The 'inert' control dust (corundum) had little effect on the permeability of the cell wall as measured by the uptake of acid dye and enzyme release. The metabolism, as measured by the rate of lactate production, was increased.
The addition of quartz caused a disturbance of the membrane permeability, resulting in a large increase in the enzyme liberated and increased uptake of acid dye, all the cells being stained by erythrosin 20 hours after incubation. There was a pronounced fall in lactate production.
When chrysotile was added to a culture, the number of cells stained with erythrosin was increased and more enzyme was released into the culture fluid. There was, however, an increase in lactate production. Glass fibre also increased the permeability of the cell membrane. After 3 and 6 hours the percentage of cells stained by erythrosin and the LDH activity of the supernatant were lower than the comparable values for chrysotile but after 20 hours the values were almost the same.
Glass powder produced minimal changes in the membrane permeability but an increase in lactate production as a result of higher metabolism due to the active process of phagocytosis, comparable to corundum. Alveolar macrophages (Table; Fig. 2 ) Qualitatively, the effects of the dusts resembled the effects on peritoneal macrophages. In particular, chrysotile and glass fibre increased the percentage of alveolar macrophages stained by erythrosin to a larger extent than with peritoneal macrophages and increased the LDH activity in the supernatant; the lactate production was increased. Again, the effects of glass powder resembled those of corundum. Figure 3 shows alveolar macrophages of a guineapig 20 hours after incubation with chrysotile, glass fibre and glass powder, and untreated cells. Using an interference filter (540 nm) cells stained with erythrosin appear dark. Few cells of the untreated control or the culture incubated with glass powder are stained. After incubation with fibrous dusts many more are stained. At this magnification it is apparent that most of the stained cells have incompletely ingested long fibres.
Phase contrast microscopy at higher magnification (Fig. 4) (Table) The addition of 5 % guinea-pig serum to the culture medium caused the macrophages to phagocytose both the fibrous and non-fibrous dusts more rapidly and in greater quantity. Chrysotile and glass fibre produced changes in the membrane permeability in the same way as when serum was absent. The percentage of cells stained by erythrosin and the LDH activity in the culture medium were raised by the serum. The cells produced more lactate, again indicating an unimpaired and elevated metabolic rate.
Comment
Two properties of cells in culture have been studied, the permeability of the cell membrane and the vitality or metabolism. The increased membrane permeability is indicated by an increase in the number of cells stained by erythrosin B and an increase in the LDH that leaks from the cell to the Phagocytosis of dust particles may produce changes in the permeability of the cell membrane due to three factors: Fig. 3a Caption for Fig. 3 2. A secondary reaction after some dusts have been phagocytosed is due to intracellular damage. It increases the membrane permeability and decreases the metabolism. It follows the ingestion of quartz but not corundum.
3. Long fibres of glass or asbestos increase the permeability of the cell membrane while they are being phagocytosed but they also increase the metabolism (Beck, 1970; Beck et al., 1971) . The ingestion of long fibres by cells is a slow process and it may be incomplete, thus the increased permeability may be sustained for many hours. Fibres with a length that exceeds the cell diameter may remain partly extracellular or several cells may become attached to one fibre, forming a structure resembling a string of beads (Fig. 4) .
The evidence for the three types of change produced in the cell by dusts, as recorded in this and previous reports, may be summarized:
1. Quartz dust is rapidly cytotoxic but corundum is not. Although short fibres of asbestos and glass are phagocytosed as rapidly and completely as is quartz, this secondary toxic effect is not observed. This indicates that the secondary effect is due to composition rather than shape.
2. Long glass fibres, like long chrysotile fibres, increase the permeability of the cell membrane. Glass powder which has an identical chemical composition to the glass fibre behaves like the 'inert' dust corundum, producing no increase in permeability. Photomicrographs of cultures to which the three dusts had been added and which were subsequently stained with erythrosin B are shown in Figure 3 . The change in membrane permeability appears to be related to the process of incorporation of the fibre; the shape of the fibre and not its chemical composition must be responsible.
3. The addition of 5% serum to the culture medium increases the number of cells stained by erythrosin and the LDH value. Serum contains a phagocytosis-stimulating factor so that more fibres are phagocytosed. Protein from the serum is adsorbed by the fibres but this does not inhibit the permeability change. This suggests again that the shape of the fibres, particularly the length, rather than the nature of the surface is responsible for the increased permeability. Since more fibres are phagocytosed, there is an increase in cell metabolism and an increase in lactate production.
4. Treatment of chrysotile with dilute acid produces a still greater membrane permeability but a decrease in the lactate synthesis. The acid does not alter the morphology of the chrysotile fibres but it removes magnesium ions and leaves a surface resembling that of silica. The secondary toxic effect is now introduced. If the acid-treated chrysotile is treated with polyvinylpyridine N-oxide, the toxicity is reduced; membrane permeability now compares with that of untreated chrysotile and the metabolic rate is restored .
5. Chrysotile that has been heated with strong acid is changed structurally and chemically; most of the magnesium is removed and silanol surface remains (Clark and Holt, 1961) . Its action on macrophages resembles that of quartz. Pretreatment with polyvinylpyridine N-oxide eliminates these cytotoxic effects (Beck, 1970) .
In this connexion the findings of Szentei (1970) are relevant. She found that 0'25 mg chrysotile produced 40% haemolysis of erythrocytes in vitro but 8 mg glass fibre or 5-2 mg glass powder were required to produce the same degree of haemolysis. It follows that the haemolytic effect depends on the chemical composition rather than the morphology or length of the fibres. It is probable that the monolayer technique of cell culture has some disadvantages when fibrous dusts are investigated. Because the cells lie in a plane, some fibres do not come into contact with cells but form a network in the medium above the monolayer, an effect that is being investigated.
